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Standard electrocardiograms from 87 consecutive pa-
tients with tachycardia of left bunille branch block con-
figuration were analyzed retrospectively for features that
might be characteristic of tachycardia utilizing a no-
dofascicular Mahaim fiber. The study group consisted
of 13 patients with nodofascicular tachycardia, 34 with
supraventricular tachycardia and aberrant conduction
over the His-Purkinje system, 22 with ventricular tachy-
cardia and 18 with antidromic tachycardia utilizing a
right-sided accessory atrioventricular pathway.
Six variables present during tachycardia of left bun-
dle branch block configuration were predictive of a no-
Document ing the presen ce of a nodofascicular Mahaim fiber
in patients with symptomatic tachycard ia can be difficult ,
requ iring well directed and detailed electrophysiologic ex-
amination (I -II). These patient s can have a reentrant tachy-
cardia using the nodofascicular fiber for the anterograde limb
of the circuit and the His-Purkinje system for the retrograde
limb (6 ,7 ). Nodofascicular fibers can also serve as bystand-
ers to atrioventricular node reentrant tachycardia (5.8), In
either instance , the right ventricle is precxcited and the His
deflection is seen to occur after the onset of the surface QRS
complex. The resultant QRS configuration during tachy-
ca rdia resembl es left bundle branch block (I - I I). Further
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dofascicular fiber: cycle length between 220 and 450 ms,
QRS axis of 0 to -75°, QRS duration 0.15 second or
less, R wave in lead I, rS wave in precordial lead VI and
a precordial transition from a negative to a positiveQRS
complex after lead V4' All six criteria were present in
16 of the 87 patients. No patient with ventricular tachy-
cardia satisfied these criteria, whereas 3 of 34 with
supraventricular tachycardia, 1 of 18 with antidromic
tachycardia and 12 of 13 with tachycardia using a no-
dofaselcular fiber did. Ii is concluded that analysis of
the surface electrocardiogram during tachycardia may
suggest the presence of a nodofascicular fiber.
characterization of the surface QRS complex during Mahaim
tachycardia , howe ver , has not been made .
Because the diagn osis of a nodofascicular fiber durin g
electrophysiologic study frequentl y requires extensive and
detailed testing, electrocardiograph ic clues suggesting its
presence before electrophysiologic study would allow for a
more directed and thorough examination. This study ex-
amines the surface electrocardiogram in patients with elec-
trophysioIogic findings of tach ycardia utilizing a nodofas-
cicular fiber in the anterograde direction . We propose that
such patients have characteristic electrocardiograms durin g
tachycardia when compared with other types of tachycardia
that have a left bundle branch block configuration.
Methods
Electrophysiologic evaluation. After giving informed
consent, 87 consecutive pat ients with a 12 lead electrocar-
diogram during tachycard ia of left bundle branch block con -
figuration underwent deta iled electrophysiologic study as
described previou sly (3,7 .10, 12- 14) . Twelve lead electro-
cardiograms were obtained simultaneously with endo cardial
recordings during all episodes of sustained tachycardia .
Multiple electrode catheters were used to record and pace
from the right atrium, coronary sinus, His bundle and right
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ventricular apex. Observations were made during sinus
rhythm, tachycardia, overdrive pacing and refractory period
determinations. Mapping of the left atrioventricular (AV)
groove was performed with serial pullback maneuvers of
the coronary sinus catheter from its most distal position.
Mapping of the right AV groove was done by scanning the
circumference of the tricuspid anulus with a modified bipolar
Brockenbrough mapping catheter. Intraoperative mapping
was performed using standard techniques (3,15).
Study patients. All patients were found to have left
bundle branch block configuration tachycardia, defined as
a predominantly negative QRS complex in lead V I with a
QRS width of 0.12 second or greater during electrophysi-
ologic examination. Some patients had other tachycardias
caused by different mechanisms. Of the 87 patients with
left bundle branch block configuration tachycardia, 13 were
found to have tachycardia utilizing a nodofascicular Mahaim
fiber, 34 had supraventricular tachycardia with aberrant con-
duction over the His-Purkinje system, 22 had ventricular
tachycardia and 18 had antidromic reciprocating tachycardia
with anterograde conduction over a right-sided accessory
AV pathway.
Diagnostic criteria. Several criteria were used to con-
firm the presence of a nodofascicular Mahaim fiber and
differentiate Mahaim tachycardia from antidromic tachy-
cardia utilizing an accessory AV pathway. The criteria in-
cluded: I) incremental atrial pacing and atrial refractory
period determinations that resulted in progressive prolon-
gation of the AV conduction time occurring after maximal
ventricular preexcitation; 2) the absence of a delta wave (in
10 patients); 3) the ability of premature atrial depolarizations
introduced during preexcited left bundle brartch block con-
figuration tachycardia near the AV node (that is, at the
coronary sinus orifice or foramen ovale, or both) to advance
the atria independent of the tachycardia; and 4) findings
during intraoperative mapping consistent with preexcitation
in the region of the trabecula septomarginalis instead of the
AV groove (in four patients).
Concomitant accessory AV pathways. In two of the five
patients with a concomitant accessory AV pathway (Cases
5 and 6), the diagnosis of a nodofascicular fiber was not
suspected until after surgical interruption of the accessory
AV pathway, at which time repeat intraoperative mapping
and a postoperative catheter study established the presence
of a nodofascicular fiber. In the other three patients with an
associated accessory AV pathway, the diagnosis of a no-
dofascicular fiber was suspected preoperatively. In these
patients, the preexcited QRS configuration during Mahaim
tachycardia did not resemble the QRS configuration seen
during anterograde conduction over the accessory AV path-
way. Furthermore, the retrograde atrial activation sequence
during preexcited left bundle branch block configuration
tachycardia was incompatible with antidromic tachycardia
over the accessory AV pathway. In two of these three pa-
tients (Cases 10 and 12), the diagnosis was confirmed during
intraoperative mapping. The same two patients underwent
surgical interruption of their nodofascicular fiber and ac-
cessory AV pathway. Neither has had any postoperative
tachycardia.
Other types of tachycardia. Ventricular tachycardia was
diagnosed by demonstrating ventriculoatrial or ventriculo-
His dissociation, or both, in patients with no evidence of
preexcitation syndrome. Supraventricular tachycardia with
left bundle branch block aberration was confirmed when a
normal HV interval preceded the QRS complex during AV
node reentrant tachycardia, atrial flutter or orthodromic re-
ciprocating tachycardia utilizing an accessory AV pathway
in the retrograde direction.
Antidromic reciprocating tachycardia was diagnosed us-
ing the following criteria: I) the configuration of the wide
complex tachycardia was consistent with maximal ventric-
ular preexcitation over the suspected site of the accessory
AV pathway; 2) the QRS configuration during tachycardia
was reproduced by atrial pacing near the site of the accessory
AV pathway; 3) the atria and ventricles were found to par-
ticipate in the reentrant circuit as evidenced by the effects
of premature atrial and ventricular depolarizations during
tachycardia; and 4) atrial and ventricular pacing showed that
the conduction properties of each limb of the reentrant circuit
were capable of sustaining the suspected antidromic recip-
rocating tachycardia.
Electrocardiographic variables. After establishing the
electrophysiologic basis for left bundle branch block con-
figuration tachycardia in all 87 patients, the 12 lead elec-
trocardiograms were analyzed retrospectively for charac-
teristics that might prove to be consistent with the diagnosis
of a nodofascicular fiber. Six variables were studied: cycle
length, QRS axis, QRS duration, QRS configuration in limb
lead I and precordial lead V I and location of the precordial
transition from a negative to a positive QRS complex. The
QRS duration was determined from the widest QRS complex
on the 12 lead electrocardiogram.
Results
Clinical features (Table 1). Thirteen patients aged 4 to
34 years had tachycardia in which ventricular activation
occurred over a nodofascicular fiber. Seven of the patients
had associated congenital heart disease, including five with
clinically apparent or forme fruste Ebstein's anomaly. Five
of the 13 patients with nodofascicular fibers also had as-
sociated accessory atrioventricular (AV) pathways. Four of
these five had Ebstein's anomaly.
Treatment. Nine of the 13 patients with nodofascicular
fibers were treated with drugs. Another one (Case II) was
successfully treated with a patient-activated rapid atrial pac-
ing device. One patient (Case 9) underwent interruption of
the His bundle using the transvenous catheter technique
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Table 1. Clinical Features of Patients With Nodofascicular Mahaim Fibers
Age (yr) Other Cardiac Presenting
Case & Sex Abnormalities Symptoms Therapy Follow-Up
15M Ebstein's anomaly Palpitation, Propranolol and Asymptomatic 6 yr
near syncope quinidine
2 14M SIP ASD closure Palpitation, Quinidine Asymptomatic 5 yr
chest pain
3 4M Palpitation Quinidine Asymptomatic 4 yr
4 34F Palpitation, Quinidine Asymptomatic 5 yr
syncope
5 18F Ebstein's anomaly, Palpitation, Digoxin and Rare, nonsustained
SIP division of near syncope verapamil palpitation
AAVP associated with
drug
noncompliance
6 20M Ebstein's anomaly, Palpitation Quinidine Rare, nonsustained
SIP division of palpitation
AAVP
7 34M Palpitation Verapamil Frequent palpitation
because of
alcoholism and
drug
noncompliance
8 17F AAVP, EAVNC, Palpitation, VF Disopyramide Asymptomatic 2 yr
mild PS
9 32F Palpitation, His bundle Asymptomatic 2 yr
near syncope ablation
10 33M AAVPs, Ebstein's Palpitation, Surgery Asymptomatic I yr
anomaly near syncope
II 17M Myasthenia gravis Palpitation, Antitachycardia 4 episodes easily
syncope pacemaker terminated over 2
years
12 14F AAVP, AVN Palpitation, Surgery Asymptomatic 10 mo
reentry, near syncope
Ebstein's
anomaly
13 22F AVN reentry Palpitation, Verapamil Asymptomatic 4 mo
syncope
AAVP = accessory atrioventricularpathway; ASD = atrial septal defect; AVN = atrioventricular node; EAVNC = enhanced AV node conduction;
F = female; M = male; PS = pulmonary stenosis; SIP = status post; VF = ventricular fibrillation.
(16). After ablation of the His bundle, this patient continued
to conduct sinus impulses to the ventricles via the nodo-
fascicular fiber but she no longer had Mahaim tachycardia.
Two patients were treated surgically (Cases 10 and 12).
These two patients underwent surgical interruption of an
accessory AV pathway in addition to interruption of the
Mahaim fiber. Two other patients with nodofascicular fibers
and accessory AV pathways (Cases 5 and 6) underwent
surgery but only for interruption of their accessory AV path-
way. Intraoperative mapping performed after dissection of
the AV pathway revealed the presence of the nodofascicular
fiber. An attempt to divide the Mahaim fiber in these two
patients was not made. Postoperative Mahaim tachycardia
was controlled with medications.
Electrocardiogram during sinus rhythm (Table 2, Fig.
1). Five of the 13 patients (Cases 5, 6, 8, 10, 12) had a
short PR interval and a delta wave during sinus rhythm but
all five had an associated accessory AV pathway. Patients
5 and 6 had surgical interruption of the accessory AV path-
way but maintained conduction over the nodofascicular fiber
postoperatively. The postoperative electrocardiogram no
longer demonstrated a short PR interval or a delta wave.
Of the other eight patients with isolated nodofascicular fi-
bers, none had a delta wave or a PR interval less than 0.12
second. Furthermore, none of these patients with an isolated
nodofascicular fiber manifested a specific abnormality of
the QRS configuration during sinus rhythm.
Electrocardiogram during tachycardia (Table 3, Fig.
2A). Twelve of the 13 patients had reciprocating tachy-
cardia during which the nodofascicular fiber served as the
anterograde limb of a reentrant circuit that used the His-
Purkinje system or an accessory AV pathway, or both, as
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Table 2. Electrocardiogram During Sinus Rhythm in Patients With a Nodofascicular Mahaim Fiber
PR QRS Axis Lead I Lead VI Precordial Delta
Case (sec) (sec) (degrees) Configuration Configuration QRS Transition Wave
I 0.17 0.11 90 RS ILBBB V3V.
2 0.17 0.16 - 45 R LBBB V.Vs
3 0.14 0.07 120 rS IRBBB VI
4 0.14 0.1 0 0 R N V3V. - *
5 0.12 0.10 80 Rs N,LBBB V.Vs - *
6 0.21 0.10 90 RS IRBBB V.N.
7 0.15 0.08 80 N V2V3
8 0.11 0.1 0 - 25 R N V3V. +
9 0.18 0.09 60 Rs N V2V3
10 0.10 0.11 -45 R N V3V. +
II 0.15 0.10 0 R N V3V.
12 0.10 0.14 -45 R N VIV2 +
13 0.14 0.08 90 rs N V2V 3
*Patients 5and 6 were included after surgical treatment ofWolff-Parkinson-Whiteconductionand no longer had the deltawave present preoperatively.
ILBBB = incomplete left bundle block; IRBBB = incomplete right bundle branchblock; IVCD = intraventricularconduction delay; N = normal; -
= absent; + = present.
the retrograde limb. One patient (Case 12) had definite AV
node reentrant tachycardia with bystander participation of
the nodofascicular fiber.
Tachycardia cycle length varied between 230 and 420
ms (mean 309 ± 52). The QRS duration ranged between
0.12 and 0. 15 second (mean 0.13 ± 0.01). The frontal
plane axis during tachycardia was between 0° and -75° in
all but Patient 12 (AV node reentry with bystander Mahaim)
who had an axis of +60°. This same patient did not manifest
an R wave in lead I during tachycardia; whereas, the other
12patients did. In all 13 patients, a small initial r wave was
observed in lead V I. Similarly , each patient had the pre-
cordial QRS transition occur after lead V4 • In total, 12 of
the 13 patients with a nodofascicular fiber had all of the
following electrocardiographic findings during left bundle
branch block configuration tachycardia: I) a cycle length
Figure 1. Representative electrocardiogram during sinus rhythm
from a patient with a nodofascicular fi ber demonstrating the ab-
sence of a delta wave, a normal PR interval and a normal QRS
confi guration.
between 220 and 450 ms, 2) a QRS axis between 0° and
- 75°, 3) a QRS width of 0.15 second or less, 4) an R wave
in lead I, 5) an rS in V I, and 6) a precordial transition from
negative to positive after V4'
None of the electrocardiograms performed in the 22 pa-
tients with ventricular tachycardia showed all six findings
associated with nodofasc icular fiber tachycardia. However,
3 of 34 with supraventricular tachycardia and I of 18 with
antidromic tachycardia did show these findings. Overall, 4
(5%) of the 74 patients with left bundle branch block con-
figuration tachycardia not due to a nodofascicular fiber had
the electrocardiographic findings seen in 12 (92%) of the
13 patients with left bundle branch block configuration
tachycardia using a nodofascicular fiber. Comparative find-
ings are summarized in Table 4 and Figure 3. Representative
electrocardiograms of each category of left bundle branch
block configuration tachycardia are shown in Figure 2.
Discussion
Mechanism of ventricular activation during left bun-
dle branch blockQRSconfiguration. Left bundle branch
block configuration can result from two basic mechanisms.
With true left bundle branch block , the characteristic QRS
configuration is caused by delayed conduction in the left
bundle or its fascicles. Preexcitation of the right ventricle
with secondary delay in left ventricular activation also man-
ifests a left bundle branch block configuration. This latter
mechanism is the basis for left bundle branch block config-
uration during tachycardia in patients with a nodofascicular
fiber or a right-sided accessory atrioventricular (A V) path-
way. The left bundle branch block configuration seen during
ventricular tachycardia also results from delayed activation
of the left ventricle, but is due to an arrhythmogenic focus
JACC Vol. 3, NO.5
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Table 3. Electrocardiographic Characteristics of Tachycardia in Patients With a Nodofascicular Mahaim Fiber
Cycle
Length QR5 Axis Lead I Lead V, Precordial
Case (ms) (sec) (degrees) Configuration Configuration QR5 Transition Mechanism
I 390 0.12 0 R LBBB (r5) V4V, 1NFF, t His
2 250 0.15 ~50 R LBBB (r5) V4V, 1NFF, t His
3 230 0.12 -75 R LBBB «s: V,Vo 1NFF, i His
4 300 0.12 -15 R LBBB «s: V4V, 1NFF, t His
5 320 0.14 -30 R LBBB os: V4V, 1NFF, i His
6 420 0.15 -60 R LBBB os: V4V, 1NFF, t His
7 270 0.12 -15 R LBBB (rS) V4V, 1NFF, i His
8 290 0.12 -30 R LBBB (r5) V4V, 1NFF, t AAVP + His
9 350 0.13 -5 R LBBB (r5) V4V, 1NFF, i His
10 290 0.14 -70 R LBBB os: V,Vo 1NFF, i AAVP
11 320 0.12 ~60 R LBBB os: > Vo lNFF, iHis
12 270 0.12 +60 qR LBBB os: > Vo AVN-reentry with
bystander NFF
13 320 0.12 0 R LBBB (r5) V4V; 1NFF, i His
Mean 309 0.13 -27
±5D ±52 :+:0.01 :+: 36
AAVP = accessoryatrioventricular pathway;AVN = atrioventricular node; LBBB = left bundle branch block configuration; NFF = nodofascicular
fiber;5D = standarddeviation; 1 = downwardarrow indicatespathwayused for anterograde conduction; i = pathway used for retrogradeconduction.
in the right ventricle or ventricular septum rather than to
preexcitation. Left bundle branch block during supraven-
tricular tachycardia is usually a consequence of a temporary
functional delay in left bundle conduction.
Classically, delay in the left bundle of the His-Purkinje
system typically manifests as a Q wave in precordial lead
V 1 because of delayed septal activation with the resultant
absence of early right precordial forces. The QRS complex
in lead V I of patients with nodofascicular fiber tachycardia
manifests a small, rapid r wave followed by a large negative
S wave rather than an outright Q as seen in classic left
bundle branch block. This small, initially positive deflection
in the right precordial leads in patients with nodofascicular
fiber tachycardia is probably a function of the ventricular
insertion of the nodofascicular fiber into the basilar ven-
tricular septum (17-19), with resultant posterior to anterior
activation during the initial part of ventricular depolarization.
The characteristic axis (0° to -75°) seen in nodofasci-
cular fiber tachycardia must also be a consequence of the
fiber insertion in the posterobasal right ventricular endo-
cardium. Transseptal activation of the left ventricle appears
to begin in the posterobasal ventricular septum, initially
activating the posterior divisions of the left bundle thereby
resulting in a left-axis shift.
Initial QRS forces. One might expect that right ven-
tricular preexcitation by a nodofascicular fiber should result
in slurring of the initial QRS forces on the surface electro-
cardiogram-if not in sinus rhythm at least during nodo-
fascicular fiber tachycardia-however, this is not the case.
The initial portion of the surface QRS complex is usually
rapid and does not resemble a delta wave. In contrast, it is
curious that a form of preexcitation that is also in close
anatomic proximity to the AV node, the posterior septal
accessory AV pathway, should result in such a different
QRS configuration with a classic delta wave (slurred up-
stroke) and considerably more positive right precordial forces
(20, 21). In the case of a posteroseptal accessory AV path-
way, ventricular insertion is usually near the crux-a left
ventricular structure. Consequently, ventricular depolari-
zation proceeds in a posterior to anterior direction through
parenchymal left ventricular myocardium, resulting in rel-
atively slow moving, positive forces in the right precordial
leads with more of a right bundle branch block appearance,
In the case of a nodofascicular fiber, however, it is the right
and not the left ventricle that is preexcited. Furthermore,
nodofascicular fibers probably insert in the specialized con-
duction tissue of the posterobasal right ventricular endo-
cardium. Initial ventricular depolarization can, therefore, be
rapid (via Purkinje fibers), resulting in the absence of a delta
wave.
Conduction during sinus rhythm. The reason for the
relative infrequency of Mahaim conduction with a left bun-
dle branch block configuration during sinus rhythm is not
known. It is possible that fluctuations in autonomic tone
together with a critical balance between AV node refrac-
toriness and nodofascicular fiber refractoriness determine
the likelihood of Mahaim conduction and the degree of
preexcitation during sinus rhythm. It is possible that the AV
node conducts more effectively than the Mahaim fiber dur-
ing slower sinus rates. However, with faster sinus rates,
AV node conduction slows, thereby favoring conduction
down the Mahaim fiber. Enhanced vagal tone would further
facilitate Mahaim conduction.
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Figure 2. Representative electrocardiograms from patients with
nodofascicular fiber reciprocating tachycardia (A), ventricular
tachycardia (B), supraventricular tachycardia with aberration (C)
and antidromic tachycardia (D.
In patients with an isolated nodofascicular Mahaim fiber,
the PR interval was in the normal range and no delta wave
was present. Apparently, enough of the AV node precedes
the nodoventricular fiber takeoff to prevent very rapid AV
condu ction, The presence of a short PR interval and a delta
wave during sinus rhythm in a patient with a nodofascicular
fiber should suggest the presence of an associated acce ssory
AV pathway,
Other left bundle branch block tachycardia. Of the
other mechanisms for left bundle branch block configuration
tachycardia reviewed in this study , none consistently had
the electroca rdiographic features seen in patients with tachy-
Table 4. Comparison of Electrocardiographic Characteristics in Various Left Bundle Branch Block Configuration Tachycardias
ECG
Variable NFF VT SVT AT
Cycle length 220 10 450 ms 13/ 13 18/22 32/34 17/ \8
QRS width ::; 0,15 s 13/ 13 12/22 30/34 14/18
Axis = 0 10 - 75° 12/ 13 6122 14/34 14/18
R in lead I 12113 9/22 26/34 1611 8
rS in lead VI 13/13 6/22 14/34 8118
Precordial transition after lead V4 13113 16/22 29/34 1311 8
All six variables 12113 0122 3/34 11 18
AT = antidromic tachycardia; SVT = supraventricular tachycardia with aberration; VT = ventricular tachycardia: other abbreviations as before.
lACC Vol. 3, No.5
May 1984:1161-8
BARDYET AL.
NODOFASCICULAR MAHAIM FIBERS
1167
....
~100
'"wg: 90
~ 80
....
~ 70
«
'";1, 60
o 50
u
w 40
:I:
=303
.... 20
z
~ ic
'"wQ. 0
Cl
220- 4S0m.
QRS
,.;dlhsOIS.
A. is
0" 0 -7S'
-R in I rS
in V I
Tra nsi t ion
oFt.r V 4
. NFF
o VT
~ SVT
OAT
Figure 3. Relative incidence of six electrocardiographic (ECG)
features during tachycardia of left bundle branch block configu-
ration in patients with nodofascicular fibers (NFF) , ventricular
tachycardia (VT),supraventricular tachycardia withaberration (SVT)
and antidromic tachycardia (AT). CL = cycle length.
cardia utilizing a nodofascicular fiber (Table 4). In partic-
ular, those with ventricular tachycardia had relatively dis-
similar electrocardiograms when compared with those from
patients with Mahaim tachycardia. Ventricular tachycardia
could manifest a wider QRS duration, a more extreme axis
shift, an unusual limb lead I configuration or an outright Q
wave, or both, in lead VI. Differentiating Mahaim tachy-
cardia from supraventricular tachycardia with aberration or
from antidromic tachycardia was less obvious. However,
frank Q waves in lead V I and a more variable frontal plane
axis were also relatively common in these other mechanisms
of left bundle branch block configuration tachycardia. Anti-
dromic tachycardia due to a right anterior paraseptal or
anterior septal accessory AV pathway can easily be confused
with Mahaim tachycardia, particularly in the precordial leads.
In this instance, however, antidromic tachycardia usually
has a more vertical or normal frontal plane axis. In those
patients with antidromic tachycardia over a right posterior
accessory AV pathway, the precordial QRS transition was
frequently earlier than with only Mahaim tachycardia. The
value of cycle length in differentiating tachycardias was
seldom helpful.
Conclusions. The surface electrocardiogram performed
during tachycardia does provide clues to the presence of a
nodofascicular fiber although it is not diagnostic. The pres-
ence of one false negative and four false positive electro-
cardiograms emphasizes this point. Nevertheless, the elec-
trocardiogram during nodofascicular fiber tachycardia is
sufficiently distinctive to serve as a guide in the differential
diagnosis of left bundle branch block configuration tachy-
cardia. In this regard, being aware of a possible nodofas-
cicular fiber before electrophysiologic study might facilitate
the evaluation.
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